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EFFECT OF SPACEFLIGHT ON THE ISOTONIC CONTRACTILE PROPERTIES OF 
SINGLE SKELETAL MUSCLE FIBERS IN THE RHESUS MONKEY 
Robert H. Fitts, Janell G. Romatowski, Cynthia Blaser, Lourdes De La Cruz, 
Gwen J. Gettelman, and Jeffrey J. Widrick 
Department of Biology, Marquette University, Milwaukee, WI, USA 
I TRODUCTION 
Experiments from both Cosmos and Space 
Shuttle missions have shown weightlessness to result 
in a rapid decline in the mass and force of rat 
hindlimb extensor muscles [l, 4]. Additionally, 
despite an increased maximal shortening velocity, 
peak power was reduced in rat soleus muscle post­
flight [1] . In humans, declines in voluntary peak iso­
metric ankle extensor torque ranging from 15-40% 
have been reported following long- and short-term 
spaceflight and prolonged bed rest [2, 3]. Complete 
understanding of the cellular events responsible for 
the fiber atrophy and the decline in force, as well as 
the development of effective countermeasures, will 
require detailed knowledge of how the physiological 
and biochemical processes of muscle function are 
altered by spaceflight. The specific purpose of this 
investigation was to determine the extent to which 
the isotonic contractile properties of the slow- and 
fast-twitch fiber types of the soleus and gastrocne­
mius muscles of rhesus monkeys (Macaca mulatta) 
were altered by a 14-day spaceflight. 
METHODS 
Selection of animals and biopsy schedule 
The flight studies described here were conducted 
as part of a large joint effort between the American 
and Russian space agencies and flew as part of the 
Bion 11 mission. The project was approved by the 
Animal Care and Use Committees at ASA Ames 
Research Center and Marquette University. Eleven 
adolescent rhesus monkeys (age 40 ± 0.4 mo) were 
selected as flight candidates, and their soleus and 
gastrocnemius muscles were biopsied -4 mo pre­
flight. The 2 flight animals were selected from this 
group and flew in the Bion 11 capsule (12/24/96-
1/7 / 97). The flight animals were biopsied 1 day post­
flight (1/8/97), and 1 day later (1/9/97) two vivarium 
monkeys were biopsied to control for growth. A 3rd 
vivarium monkey was biopsied as a growth control 
during the early flight period (12/28 / 96). Two simu­
lation control monkeys were biopsied following 14 
days in a capsule identical to the flight capsule 
(R+17) . The biopsy sample was longitudinally 
aligned, and a small (- 1 mm) cross-section was cut 
from the bottom. This piece was processed for elec­
tron microscopic (EM) determination of myofibrillar 
and mitochondrial density. The remaining portion of 
each biopsy was divided longitudinally into 3 equal 
sections. One section was placed in skinning solution, 
stored at -20 °C, and used in the skinned fiber stud­
ies described below. 
Single skinned fiber studies 
On the day of an experiment, a muscle bundle 
was removed from skinning solution and placed in 
cold relaxing solution. A single fiber was isolated 
from the bundle and transferred to the experimental 
chamber. The fiber was suspended between a force 
transducer and a position motor, and contractile 
properties were measured as described previously 
[5]. For each fiber, the following parameters were 
measured: 1) peak force (Po); 2) the force-velocity 
relationship (from which power curves were calculat­
ed); and 3) the pCa-force relationship. Following each 
experiment, the fiber was solubilized in SDS and the 
profile of the myosin heavy and light chain isozymes 
was determined. 
RESULTS 
Diameter and peak force 
Growth had no significant effects on the slow 
type I fiber diameter (1st 58 ± 1 vs 2nd vivarium con­
trol biopsy 60 ± 1 µm) or peak force (1st 4.69± 0.12 vs 
2nd vivarium control biopsy 4.84 ± 0.14 mN ). In con­
trast, the type I fibers from the R+ 17 and flight ani­
mals showed a significant decline in fiber diameter 
(R+17 group, 48 ± 1 and flight 52 ± 1 mm) and peak 
force (R+17 group 3.12 ± 0.19 and flight 3.15 ± 0.12 
mN); however, relative force (kN/m2) decreased 
only in the flight group. In the type I fibers of the gas­
trocnemius, the flight-induced decline in fiber size 
(46 ± 2 vs 38 ± 1 mm) and peak force (3.39 ± 0.25 vs 
1.93 ± 0.12 mN) was even greater than that observed 
for the soleus. However, all the decline in force could 
be explained by the fiber atrophy, as the relative force 
was not altered. The diameter and peak force of the 
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gastrocnemius fast type II fibers showed no signifi­
cant change in the flight, R+17, or vivarium control 
groups. However, the postflight type II fibers showed 
a 28% decline in relative force from 177 ± 7 to 128 ± 9 
kN/m2. 
The force-velocity relationship, peak power, and the pCa­
Jorce relationship 
The maximal shortening velocity estimated from 
the force-velocity relationship (Vmax) increased with 
weightlessness from a preflight value of 0.42 ± 0.02 to 
0.58 ± 0.03 fiber lengths (FL)/ s postflight. Most of the 
increase could be explained by growth as the Vmax 
of the soleus type I fiber in the 2nd vivarium group 
was 0.51 ± 0.03 FL/ s. Due to the decline in peak 
force, flight induced a 28% decline in the peak power 
of the soleus type I fiber type. Following spaceflight, 
the soleus type I fibers showed a pCa-force relation­
ship that was shifted slightly to the right. This was 
reflected by a decrease in the activation threshold 
(7.24 ± 0.03 to 7.03 ± 0.04) and the pCa50 (6.12 ± 0.01 
to 6.04 ± 0.02) and an increased Hill coefficient. 
However, these changes in Ca2+ sensitivity were 
attributed to growth rather than flight, as the growth 
controls showed the same adaptations. 
CONCLUSION 
The primary effect of spaceflight was to induce 
type I fiber atrophy and a reduced peak force and 
power. The decline in force per cross-sectional area 
(CSA) in the soleus type I fiber indicates that the force 
loss was not simply due to fiber atrophy. Companion 
studies conducted by Edgerton and ~o-workers 
[Recktenwald et al, p. 71] on the same monkeys con­
cluded that microgravity induced a reorganization of 
motor nerve recruitment to favor fast versus slow 
motor units and flexor versus extensor muscles. This 
interpretation is consistent with our findings of selec­
tive atrophy of the slow type I fibers. 
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